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least one changed particle. 

..a of d^rgea particle, haa a range 

la a need for au^ application, to ^ 
However, there xe » 
easier to realise - 

o.h of the present invention 

— ^ - ^ _:.iatin. t.e 

^are is pro^^dea a^e ^^^^^^^ ^^^^^^^^^ 

. phase space of at least and . 

,.arein a combination --^^^Hn electrode 

--^^::rro:rrdeearegionofp^e 
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^„ed particle is situated to one .ide o. the 
electrode aurfaee. 

^cordi.. to a seccnd aspect the^ee^t 

r;r;.r:r.iected t. a 

o. a^xviu. ^^r^rrrrirrapotentax 

a aixect current -^^^e eo as t ^ 
wWcH provides a region o£ phase epa 
to one side of the electrode eurtace. 

..e..r^l.. ..e apparat.3 further 
control »eans to. control the pressure oe 
surrounding the electrodes. 

preferably, the pressure control co^priBes a 

liable and gas — s =«^^YLr 

n:Luci^ and e^tractiug gases frc„ the chanO^r. 

p^ferahly, the power supply ia operable to vary the 
Ttel^iug current and direct current voltages 
applied. 

P.eferal=ly, the po«er supply is " 
individually alter the a^litude, — 
f^e^ncy of the alternating " 
operable to alter the ™ag.itude of the direct 



24 applied. 
25 
26 

„ individually axter ... "—--- ^^ is 
28 
29 

30 current voltage. 

31 
32 



Preferably, the potential is an effective potential. 
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V. tl>e region ot phase space ^Ipulation 
BreferabXY, the regio therein a 

oon^riBeS a particle g . , ^ least one 

*.^/^yt is restrained toy at xe&» 
particle's motion 10 re» 

degree of freedom- 

..e.e.a..V,apXu»X.e,o.eXe=.xoaesa«P=.v.^- 

....a.X., ..e ---a ar^ a^«.^ - - — 
«uoh ttat the at least one paxtiole 
one side o£ the array. 

„e.era.X., the arrav is 

^.emativexy.thearravishe^iaphericax. 

to a first e™boclin«i.t of the present 
Rccordn-ng to a fxrs provided, and la 

invention, a singX. eX^trod. xs^ 
ponded by a pXane heXd at 

„eferabXy, the eXectrode is circuXar. 
PreferaJMy- the pXane is earthed. 

the frequency of aXternating current 
Preferably the fre^ ^ ^^^^^^ 

voXtage applied to t ^^^^ .^^^ 

„cy hav-g a per ^^^^^^^ ^ 

taken for ligb.t to pas» 

circular electrode. 




According to a second etnbodiment of the present 
invention, the voltages applied to adjacent first 
and second sets of electrodes in a planar array can 
be varied such that the at least one particle cax. be 
xaoved frocn the particle trapping region provided by 
the first set of electrodes to the particle trapping 
region provided by the second set of electrodes. 

Each set of electrodes toay consist of one electrode, 
or of a plurality of electrodes. 

preferably, at least one particle is moved from a 
first trapping region provided by a first set of 
electrodes to a' second trapping region provided by a 
second set of electrodes, wherein the voltages 
applied to the sets of electrodes is changed from an 
initial, to an intermediate and then to a final 
18 configuration, and wherein; 

in an initial configuration, a first set of 
electrodes is biased to a holding voltage to form a 
first particle trapping region to trap at least one 
particle therein, and an adjacent second set of 
electrodes is biased to zero volts; 

in an intermediate configuration, both sets of 
electrodes are biased to the holding voltage to form 
a merged particle trapping region that traps the at 

27 least one particle; 

28 in a final configuration, the first set of 

25 electrodes is biased to zero volts, and the second 

30 set of electrodes is biased to the holding voltage 

31 to form a second particle trapping region, that 

32 traps the at least one particle. 
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path on the planar array. 

^ ..x^ea .^-a c.c... 

boa.d, lithographic, or fo=u».ea ion bea« 



a third embodiment o« the. present 
*ccora.ng to a th.r ^^,,^,3, the 

invention, a .erxe. of el ^^^^ that 

voltages applied to wh.oh are ^ 
at least one P-i.le can - 

; :rprrg:rr-=r^^^----- 

; Tlaxger than the second trapping reg.on. 

^ -n^A fa the electrodes 

0 P«£erahly, the voltages " '^^ ^.^^^le 

^^oTlal:>le such that the at least on 

1 are controllable of successively 

2 can toe moved between a plurality 
,3 smaller trapping regions. 

wn^ fche series of electrodes comprisee a 
,5 preferably, the serx ^^^^ circular 

26 plurality of conceutrxcally arra g 

27 electrodes . 

28 . . T =4.*ve every electrode has 
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the voltage aipliea to the outer electrode 
Changed 3u=h that, in intermediate state, the at 
least one particle ie trapped in a first 
intermediate trapping region provided by the 
remaining inner electrodee, and 

the voltage applied to the electrode adjacent 

to the outer electrode, ie changed auch . 

.^1 state, the at least one particle is trapped^ 

a second trapping region provided by the innermost 

electrode . 

preferably, in the transitions from- the initial to 
l:::rmediate and the intermediate to final states 
the, outer and adjacent electrodes respectxvely are 
set to zero volts. 

preferably, a plurality of electrodes each provide a 
further intermediate trapping region, such that 
between the Initial state and the final ^''^ 
at least one particle passes through a plurality of 
intermediate states, being trapped in suocess.vely 
seller intermediate trapping regions. 

preferably, in an initial state, an cn^termost^ 
electrode has a first oo^ination of alternatxng 
current and direct current voltages applied, and 
background voltage is applied to the remaining 
electrodes such that, in an initial state, at least 
one particle is trapped in a first trapping regxon,- 
the electrode adjacent to the outer electrode 
is set to the first eombination of voltages and the 
bac3cground voltage is applied to the outer electrode 
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, .u=h t^t. in an intermediate state, t>>e at Xea.t 
I on. particxe i. trapped in a tlret intercalate 

: '-''^'Z I^nrLctroae ia eet to t^ .iret 

.o^irtion o. voita.ee and t.e ------- ^ 

! i« applied to the adjacent electrode such that, ^ a 
, . jrstate. the at ieast one particle ie trapped an 
8 a second trapping region. 

Brefe.ably. the haCground voltage ia .exo volte. 

^n„ralitv of electrodes is provided 
preferably, a plurality or 

euoh that, between the initial state and the £xn 
7L. the at least one particle passes through a 
TlLiity of intermediate states, being traced in 
rcessiU sn^lle. intermediate trapping regions. 

preferably, the *nner»st electrode is provided with 
"^mt least one particle is in the ^^1 
state, a voltage is applied to the aperture such 
t^It Ihe at least one particle is urged through the 
aperture . 

Preferably, each side of the aperture is 
^ferentLly pu^ed so that a gas P^^^^ ^^^^^ 
the aperture undergoes a supersonic e^ans.on so as 
t^c^l the particles that are urged through the 
aperture. 

^cording to a f-rth e„0.odi.ent o* ^he present 
invention, the voltages applied to an electrode are 
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1 Buclx that one type of charged particle can be 

2 distinguished from another. 
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Preferably, different types, of charged particle are 
trapped at different distances pe3n?endicularly from 
the surface of the electrode. 



Preferably, the distance is dependent on the charge 

9 and/or mass of the charged particle. 

11 preferably, a first type of charged particle is 

12 trapped at a first perpendicular distance from the 

13 electrode, and a second type of charged particle is 
X4 trapped at a second perpendicular distance from the 

15 electrode, wherein the mass, of the first charged 

16 particle is greater than the mass of the second 

17 charged particle, and the second perpendicular 

18 distance is greater, than the first perpendicular 

19 distance. 



preferably, at least one particle trapped at the 
second pe^endicular distax«e is subject to the 
potential formed by a voltage sequence applied to a 
second. set of electrodes. 

Preferably, the voltage sequence applied to the 
second set of electrodes is such as to transport 
said at least one particle from one trapping regxon 
to another along a predetermined path. 
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electrode, are of a much larger scale 
dl^.ioi« of the trap electrode. 
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8 aperture. 
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.re.er^lV. eacK side o. ^ --^^ 

a.«erentiaixv P-P- » -^J^^^^^ a3 

aperture J" ^ ^^.^ through the 

to cool the particles that are urg 

aperture. 

^■„<, to a fifth, entodlment of the present 
Accordxng to a fxt electrode can 

i„,^tlon, the voltages ^^^^^^'^ ^ . 

be Changed such that, a trapped part.cl 
airectloh perpendicular to the plane of the 
electrode . 

. Mv at least one trapped particle can be 
preferably, at leas interact with at 

lowered to a region where xt vlH -"^^ 
Xeast one other particle; and .^^^.ection 

particles ^---^"^^r,,, ,„ticles 
can then be raised up again, toget 
that have not interacted. 

1 -strode is fiormed with an aperture 

particle close to the aperture; and 
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10 

1 a voltage is applied to the aperture such that 

a the particle is urged through the aperture. 

3 

4 Preferably, each side of the aperture is 

5 differentially pumped so that a gas passing through 

6 the aperture undergoes a supersonic expansion, so as 

7 to cool the particles that are urged through the 

8 aperture . 



10 According to a sixth embodiTiient of the present 

11 invention, an array of electrodes is provided, the 

12 voltages applied to which trap a first type of 

13 particle which can interact with a'" second type of 

14 particle, to form a reactant particle which falls Co 

15 the bottom of a trap and is swept away through an 

16 extraction hole. 

17 • 

18 According to a further aspect of the present 

19 invention, there is provided apparatus for carrying 

20 out the method of the sixth embodiment, comprising 

21 an array of electrodes arranged on a surface, at 

22 least one of which is connected to at least one 

23 power supply capable of applying both an alternating 

24 current voltage and a direct current voltage, 

25 wherein a region of phase space manipulation is 

26 provided to one side of the electrode surface. 



28 Preferably, the array of electrodes further 

29 comprises at least one aperture for the extraction 

30 of trapped particles. 
31 

32 Preferably, each electrode comprises one aperture. 
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. t^e «actant P^tiol. IB accelerated 

^ tltlal and detected so that the 

thraagh a potentxaX a particle «m 

position of the original E.rst tvpe 
be detected. 

of example only. 
drawiiigs, in which: 

13 invention} 

-^o a third embodiinent of the 
Fig. 2 illustrates a tnira 

invention f 

t.«r,t-tal contours where a 
Fig 3 illustratee potential con 

particle will not be- trapped; 

. f ntirth embodiment of tl^® 
Pig. 4 illuistrates a fourtn e 

pi^sent inventioi 
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s iUustrate, apparatus ^ed in accorda.ce ..th 

- «4= t-He invention; and 
all enibodiments of the xnv 

^ a sixth embodiment of the 

Fig. 6 illustrates a sixt^^ 

invention. 

o ■narticle of mass m 
the -----f^rr:. - Id ra.id.. 
and , -''^"'^ ^^^^^ a, applied 

varying AC voltages (angular ^ 
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(1) 



to a series of electrodes moves as if subject to an 
effective potential V* which is a linear combination 
of an AC term and a DC term, and takes the form 

where E,±s the E-field due to the AC voltages, ^,is 
the electrostatic potential due to the DC voltages 
and ^is the position of an ion averaged over 
several cycles of the AC voltage. 

With respect to.an electrode, the AC part is always 
repulsive whereas the DC part can be either 
12 attractive or repulsive. 

A DC system alone cannot trap ions since the . 
potential has a negative curvature in at least one 
direction. However, the combination of AC and DC 
voltages results in an effective potential that at 
some locations has a positive cur^.ature in all 
directions such that charged particles can be 
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Equation (1) above can be re-cast as 



where a factor of q has been dropped through 
conversion to electron-volts for . the units of 
28 potential and by considering singly charged ions 

(although the system described here is not subject 
to that limitation) . k has the value 
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2 t-vie AC voltages 

5 DC voltage applxad, a ^^^^^ voltages 

»r»liad to the electrodes and I gi«a 
' Located «it. t^ w.ole design. 
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.^Xe ttae serves as a parameter »blch can 
The variable K cnus ^.„^ial For a 

.pecific traced P^^^^^^ ^yj^/::, ,.^.eXe that 
v.riai.lea ^ a^d « are specific to th P 
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X4 is trapped 
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to known particle trapping or 
Thus, iu contrast ^ J p^vides 

guiding technique., particles .here the 

,or the trapping or ^idxng of partxc 
trapping electrodes .do not 

..tide. ---^ro:::o:.::^rL 

s„it*le formation. One P ^^^^^,1,, ^ 

" "^^u^-elr::rr^^:anarra.».lc. 
Ts::::::---— '--tr°:r 

..Xatlve. raised ^ ^ ^ -"r^eJ:. • - ^ 
electrodes ™ay also be arrange 
hemispherical, ellipsoidal or parabalo.d 
configuration. 
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. a first e.Cbodl»ent, a spot trap is provided A 
In a Exret «« j ^ wtr a lar<?e earth. 

^i„gxe electrode is surrounded by a larg 
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plane. The system is readily scalaJale through 



2 appropriate scaling o£ the value of k. 
3 

4 Provided the AG voltage is applied at a frequency 

5 sufficiently low to ensure light can travel. across 

6 the system in a time much less than one period, the 

7 potential due to the AC voltage is simply that due 

8 to the DC voltage but modulated in time. 
9 

10 Fig. 1 is a plot of the potential contours for a 

11 specific trapping configuration of a circular 

12 electrode- In this system, k lOjxm radius spot was 

13 chosen and had a DC voltage of -IV applied to it 

14 with respect to the earth plane. The value of the 

15 scaling parameter k was chosen to be 100, 
16 

17 The horizontal ordinate is the perpendicular 

18 distance from the electrode plane and the vertical 

19 ' ordinate the radial distance from the symmetry axis, 

20 both in \m. The minimum of the effective potential 

21 (located at approximately r=Onm,z=llHm ) has a value 

22 of -0.1S6V with respect to the surrounding earth 

23 plane. Contours are shown for -0.18. to -O.llV in 

24 O.OIV intervals. 
25 

26 Because the system concerned has cylindrical 

27 symmetry about an axis passing through the centre of 

28 the circular electrode and perpendicular to the 

29 plane it is sufficient to demonstrate the resultant 

30 effective potential has the form required to trap 

31 particles in one plane passing through the symmetry 

32 axis to demonstrate the system is an ion trap. It 
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i-v,a«- tiie system traps 
ions fo. a x»ge o£ values of * 3 

80 . 

..ntre from the surface and 
the trsLp centre xi 

the value of k .S ^^^^^^ 
^SB will be trapped a P.. ^^pendent on a 

,3 ^ Pxane o. -o«ca.^ > value 

particle's ™as., ^^^^ closer to 

of particles Of h^v^ ^.ehe^oxe, as * 

plane of tl«. electrode 
.ureases, . xarger si.ed 

potential well ''^'^^'l'^'^^ ^gW. «ote tv>at 
La differently ^^^'^ "^^i"^ - ^--^^"^ 
..is c^.a in t.e "^^^^l^^rou^^t a.out 
,He Change in "^^'--^//^^^^.^ »«xow, where the 
^.XUng techn.<^e? a.sci 
.tape of the trapping regxo 

„d in the trapping region 
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E^cperiments have shown that this parameter must have 
a value of less than 0.3 for stable trapping. Tests 
indicate this parameter will have a. value of about 
0.05 near the tninitaum of the effective potential so 
the trapping is ejected to be stable. Esther 
numerical tests can be made to verify this assertion 
and to determine the volume over v^hich stable 
trapping occurs. 



This principle is not restricted to a simple 
circular trapping electrode. For example, a matrix 
of electrodes could be fabricated. The voltages 
applied to the various electrodes can then be chosen 
to manipulate particles in a number of ways, some of 
15 which .are illustrated below.. 

For example, in a second embodiment, the voltages 
applied to the various electrodes in an array could 
be chosen for example so that all of those lying 
inside a given regioh are biased with an appropriate 
DC voltage and an AC voltage with the remaining 
electrodes being biased to zero volts. Gradually 
changing the location of the region inside which the 
biased electrodes reside (i.e. changing electrodes 
successively from being biased to being at earth and 
the other way in a systematic fashion) corresponds 
to moving the trap location across the surface, 
effectively creating a particle conveyor belt. 
Ixx a third embodiment, the electrodes can act as a 
funnel, the' voltages being varied so as to bring 
trapped particles from a wide area to be 
concentrated in a central region. 



r. 



M exaiople of an electro 

, funnel iB shown in P^-S- 2- ^ = 
, act as a funnel p^ded, which 

, conoentric electrodes 10 P ^^^^^ 
: ini.-l.allha^----,^...^..l»e 
, applied. -ej«r 

. ^ ^"^^l diameter e^l " a:.i )c 

, like a epct-trap, wxth a ^^^^ ^.^^ ^^^.^ 

" ^ Tortrrtrelectroae «ouia .e eet - 
configuration, the ^ ^^^^^ , 

— -e «---;-^t»e preaeter^ned value 
changed to keep k at the ^er of the Bpot 

. hae changed -c-^ the ^ ....mediate 

e^l • ' ,;,!ltial no« has the 

.tate, «here the ef fect^e po^t ^^^^ 

^ fox», but .B -1^3''"^ ,,. Ti^^eafter. 

.he potential in ^^^J^^^^, the outaide 

successive electrodes are gro ^^^^ ^^^^^ 

always keeping * ^^^pped hy the 

cached «here the .partxcle is trapp 

central electrode . 

- "-:-rrt:cC::tt-^^ 

- "-"-^^^ T rler fe« rings «ith 

. initially -^-J^-^J^ ,.,,de heing earthed- 

2, voltages applied, ^ ,,ch 

- Then, .oving -7;^^^^^,, ... „ore inner has 
33 electrode xs set to ^ ^^^^^^ 

voltages applxed- Tnu 
jocussed in a central region. 
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inne^o.. eX.ctroae =a. ^ provided «i<=h » 

aperture, which acts a. an extxactxon hole. As 

^^aXXer vaXue. o. ..e P-^^ ^ 

.rapped closer to t^ surface o. e^-tro^- ^ 

. Tr^ance. further, the potential «ase. o act 

^ at a certain value oE K, 

a trapping potential. At a oer 

(£ouna to be 77.7 for the specific spot trap 
Itionea a.o^., trap "hreaHs" an. a traP^ea 

particle can escape. ^ potential contour, at thxs 
ll^t are illustrated in Pig- 3. A taased 
point are iJ-x „n„~ilv be provided on 

eictraction electrode can optionally be p 

theother_side^£.the.3ESEEH^ [ 



^ the svsten. is used «ith a hu«er ^'^^^^ 
sides OS the extraction region can *e ^"-^^^^"^ 
;u™ped so that the bn«ar gas going 
Iperture undergoes a supersonic c^ansion so that 
Tbea. Of particles passing through the aperture 
Is cooled. 

xn a fourth e^bodi^ent, the above^ntioned spot trap 
conveyor belt configurations can be co^n«^ « 
provide n^pulation of particles, «here particles 
I, differing mass or charge can be s^arated and 
25 treated differently. 

a aeries of conveyor electrodes 14 i. pxov.ded, 

IS to which the voltages applo-ed 
forming a conveyor IS, to 
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allows thfi conveyor ^rap 

electrod. structure 19 i= 
the conveY°>^ ' 

^ „^,lea of the conveyor 
^ relative l-'-a-Y'"^;' .lectrodes 1» are 

eiectrodca 1* -d the 'J^^ ... .uoh X»ser 

..cl. that the oo^^Yor eXectr ^ ^ ^^^^^^^.^ 

the epot trap --^^^^ erap «. ^« 

light particle is -'^^^^^^^^ ^ ,eo the Xocal 
capped at euoh a -f^f^t^ial. it ie «cre 
^ture o. the f conveyor « than 

i^tluencedW the potential 

the spot trap 18- 

» -vstem where (possibly 
Hence, one can envisage a syst ^^^^^ 
,,ter so^ interaction, pa^ ^^^^^^^ aependi.. on 
,t diHerent distance. £r^ ^^^^^^ then 

t.eir masses. ^ ,1,.^. .elt. wit>> 

the Heavier parti-ci.es 
22 . tlie remaining heavier 

^"rxHrpl through an e^-ion 

::trinrti^"^----^^*^'- 

^ , nterested in a process 
^tematively. one this case the 

„.ere the P"-^-- ^^.^ed to hold hoth the 
trap could initiaXXy '^J^ t,on. It then could 
.^.s before and after an^te ^^^^ 

jc BO the lighter \^ 
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b.oo«e part of a conveyor belt, 

action the Ushter particles „«e ^oved. 

heavier -(Changed, particles would 

transported a«ay *or further processing after 

the lighter particles c,«ld returned (poss^y 

«ith others add«d, to the interaction region. 

xn a fifth embodiment, «here particles are trapped 

a certain height, the value of the 
,,ra.eter . can be decreased such that theparticXes 
_^,,_^,^t_c^ds_,.h._el.ei^-^- 
-ZZZ^^ other particles deposited there^ ^ 
value of * can then be Increased again so that the 
value * changed partiolea can 

product pairticles, ana 

be raised up - 

xn all of the above e-^x-di^ente, printed cir^it 
hoard technology can be used to construct the 
electrode arrays. - l^^cr but the 

electrodes is llr^lted by cross talk 
^ture Of the interactions should be su^ that 
useful devices can be constructed for the 
transportation of various particles, such as, 
example, ions' or electrons. 

xndeed, there are .any technologies ^^^^^^^^ 

as focussed ion beam or Ixthographic 
r:^;u: l — - construction .eth^^.. 

30 dtpend o. the length scale and application Of the 

31 particular array to be constructed. 
32 
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V, ««ncepts have a wide razxge of potential 
The 9hor^ concepts -.t-rt«p. 

. Tn narticular, the techniques above 

applications. In partxcuxa 

used enable ^a..xi..t.on 
paraiaell.a.lon of current «=1»i«ue« for *re^n^ 
Landaraa, <^an.u. .citation, ,uantu» encr^t.on 
and taaterial analysis - 

: :r:::;a=.ura da...e. .or ^..puxae.^. 

for use m high end bionol=-lar .xper.m«t«. 

X. Will ^ appreciated that, the ^"J^^^^ 
apparatus, «hich ax. connected to - ^PP-P^^-^^ 
.upplV, will nor^^lly - '--^-'^^^^^Z 
sealablo chamber, and a gas pu»P xs P^-^^^^'' 
Lrod^oe a.d ^ ^ ^ ^.^^ 

pressure and control the quality o 
in the chamber. 

3 shows an aP^ratus that uses the techni^es 
o^" he present invention, which ^^^^2 
intended to be used with hio»ole=ular ions. 

xone .0 are introduced into a ^-^^^-^^ 
. ^ /«^=> are used, to control tne 
,5 gate electrodes 22 are ^^^^ 

introduction of the ions 20. ine 
to seed an array of trap electrodes 26. 

«as inlet valve {not shown) control the 
A pump and gas inxen ^..^fer 

..troduction and ^^^^^^ ^iT^^ 
to control the vacuum provided ny 
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1 ^ voltage, applied to tke array 26 =au be var.ed 

2 to manipulate ion. 20, as ae«rll»d a^. At 

3 time, the trapping voltage, oan be avitched o« and 

4 an extraction «>ltage can be applied to an 
eKtraotion plate 28 to accelerate the ions 20 
through a flight tube 30 towards a position- 
sensitive detector 32. Although the ions 20 may 
,„aergo several oollisions in the flight tube 30 
these collisions will be brief and with the much 
lighter buffer gas partners.- Accordingly these 
collisions should not destroy the positional or 
time-of-fligbt information. ■ 

Tine-of flight will be used to distinguish genuinely 
trapped or guided ions 20 from background ions so 
the time-gated image on the position- sensitive ^ 
detector 32 corresponds to a snap-shot ol the .on 20 
locations Just prior to the application of the 
extraction voltage. 

It will be appreciated that trapped ions have a 
thermal energy distrll>ution that means they will 
have a finite chance of escaping, much as a water 
.olecule has a chance of evaporating from a li<^id 
below the boiling point. When such a trapped 
particle escapes, it passes through the aperture. 



27 However, as the voltages are varied, this shall 

28 occur slightly before the normally 
29 
30 
31 
32 



occur BJ.iai.*>-«-jr ^^-^ — 

transmission time of that particular particle 
ti^s when a particle may escape outside of these 
transmission times will <Jepend on the values and 
rate of changes of the amplitude, waveform, and 
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frequency of tb. voltage applied. Thus, t'^' 

:L c/pas..3e th«u.. aperture wi.. sta.e 
of the trsp at that time. 

Vaxious buEEer gas collision regimes can be 
Xlored. particularly the high colUsio» f^e^-V 
U^it ,use..l =or material processing 
„ith Bio:».leculBS, and the collisionless li».t 
<«eful for .^antun. co^utation and encrypt on, . 

a« Mgh fre^cy 1^-^'= '^'^^ 
^.o„e ther^Use. through coXXis^ns „.th 
background gas and one ~«.ther. This haclcgroun 
be a ra« gas buffer so no unwanted chemical 
, reactions occur, or it couXd be, Eor "^^^ 
to ix«.eB.tigate hydration of bio«.lecules. A 
gas bu«er can easily be cooled to li*.xd N2 
..^erature whan the characteristic energy 
asTociated with each degree of freedc wxU he about 
3™eV so the trapped ions will lie insxde the 
t:;pping region, which is seen as the innermost 
contour of Pig- 1- 

^ details of the dynamics, in the collisionless 
Xi.it are harder to calculate aXthough - 
; done using certain colter sin«lation technx^es. 

[ ^or a given voltage configuration the -^^^ °* ^ 
; sLgx/ion can be approximated by a superpos.txon of 
0 harmonic iwtions, which may be ooupXed. 
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j^other device that can be constructed using the 
principles of the invention is a single 
reconfigurable trap, this can be a fe. centi^etxes 
aero.., with circular electrodes centred about an 
extraction region consisting of a small aperture 
with the trap system to one side and a biased 
extraction electrode to the other side. For such a 
trap, the effective potential takes the form shown 
in Fig. 1. The effective potential contours are 
chosen BO that the inneratost contour corresponds to 
room tetoperature, cotnpared to the minimum. 

The trap will be gradually reconfigured so that the 
length scale gradually reduces from about 3cm to 
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Similar to a deflating balloon. 



,5 50f.m, so all of the ions trapped in the potential 
16 are gathered into a successively smaller volume, 
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Tte trapping nat.« will then be changed so that the 
ions axe ««e to ^ to»araa the extraction reg.on, 
centred at the origin. «.e potential will talce the 
som .hown in Pig. S (note ch««e in z-axi.) , when 
the trapped iona will escape through the extractxon 

24 region. The two sides of the extraction regxcn. can 

25 . be differentially pu^ed so the buffer gas going 
through the aperture will undergo a supersonic 
^pension giving further cooling to the beam of 

28 biomolecular ions. 

30 The resultant pulsed source of cold biomolecular' 

31 ions will be ideal for investigating their reactxve 
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i^tice creating a new and 
scattering behaviour, hence 
topical research field. 

. o£ the present invention can also be 
The principles o£ the ^ . ^^^e detector, 

..ed to construct ^^^^^^ 
.hichi. illustrated in Fig- 

^.ra.o..tr.e34.o^^^-;-r 
^.ructure 3e and is -^^^^^^^tea.t associativel. 
,onU^) chosen to be able - -^^ ^^^^ 

a particular ^^^^^^^^^ ..xate. to the 

^.o^olecule. (B) . choice 

--^^^^^^^rd TheTr--e o. .hich i. 

40 iB I^ov^-i^^- tbe positive ions. 

^ highXy negatively to ^tr ^^^^^^.^^ 

^crochannel plate. 

When a molecule B ^^^^^^^^^^^^^/^^^^^ 
it: can then react with one of t 

«r.tative reaction: 
ion0 in the associative 



(5) 



^ configuration ^^J^^^f^^^; rlT^xe 

electrode surface 3S «v 

to a field ^^^"^''"^ '^,Lg field occur, as 
.f .„all .oles 3S. '^-^J^^^^; front surface 

. natural «-^-=;;i:To Jg^^y 

of the microchannel plates 
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^=4=.rt could be achieved by having the 
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..aultant detection «ve„t provide, a record 
the positlaa of the bio^ol.c^le prior to the 
interaction . 

Xt ™ay additionally be possible to cycle the 
trapping so that the ™ore -aseive product ions are 
.3 ^^in the trap and can only reach the penetrat^ 
field periodically, m this case, .tin»-o£-£lxsht 
i::orItion can be u.ed to detemine the ^ass^o. - 
,S product ion and hence determine the mass of A as 

Lll as the Class of »olecnles to which it belongs. 

^e innate capability of the trapping array to store 
different ions at different locations 
exploited to store different species at different 
Tcatione, ■na.ing the syste. able to distinguish a 
range of bio™.lecnles <B) simultaneously. 

^ bespoke c»/si«ulation pacl^ge can 
px^ided to aid in the design of arrays to trap 
guide Charged particles. For a given trap 
^figuration subject to any se<5uence of applxed 
voltages, the motion of trapped ions can xn 
principle be solved exactly through solutxon of 
Lweivs e^ati«.s for the fields and Kewton-s 
.nations for the motion of the ions. However, thxs 
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Of proijlems envisaged. 



Because of the X ff.^ of X-apXaoe's 

equation can be used P ^^^^^ 
of „ax«eXX's =<^^^-;. arbitrary geo«e«ies 

8 ccnputatiouaXXy tractable f ^^^^ ^^^^^^ 

,„ proposed, a»enabXe t ^^^^ .^Xutions of 

X^pxace-e equation obtains ^^^^ ^^^^ ,^ 

properties o£ the trapping or ^ 

Licee b. l.- - 

IS at various XeveXs o£ ap^ ^^^^^^ 

e^Xioit 3,^,....n for coXXisions 

coupXed to a Monte Carl e^cpenslve) to 

-tu — .^^;:^::::rtippin. potentiax 

.i^XV =--t7„:rj:r^trappin. ae^ence. o. 
.veraged over a partxc ^,,,,,,ioaX 
applied voXtages and then u 

distributions and ^ (cotnputationaXXy 

«^iect to this e«ectxve potentl 
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atrategxes. Onoe t ^^^er for various 

potential and ---J^^l ,,,.,p^g se^ences- 
. trap/guide '^^^^^ ^^^viour. 
vri.ll be used to preaxc^ 
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control of the program will be achieved through a 
visual interface, leading to a bespoke 
CAD/simulation program for ion trap/guide arrays, 
which can be made available to researchers in the 
field, and can act over an array of PCs acting as a 
parallel computer. Both the solution of Laplace's 
equation and the calculation of trajectories are 
amenable to parallel computation. 



various modifications can be made without departing 
from the scope of the present invention. In 
particular, the charged particles may comprise ione, 
electrons, or any other suitable charged particles. 

The fabrication of the electrode arrays may be by . 
any suitable means, of which printed circuit board . 
technology, lithographic methods, and focussed xon 
beam methods are examples only. 

The shape of electrodes in each embodiment may take 
any suitable shape, and the examples given should 
not be taken as limiting these to any particular 
shape. For example, a funnel configuration could be 
implemented by means of a series of concentric 
circular electrodes. These electrodes could be 
ellipsoidal, square, or any other suitable shape. • 

The voltages applied to the electrodes may take any 
suitable form, and can be modulated before being 
sent to the electrodes. For ^cample, the voltages 
could be square waves to enable digital logic 
techniques to be used when processing the 



, the voltages sgp^i-^^ to 

elect.odea ca. be ,,.^le, 
attract or repel E>peolE F ^^^^^ ^ 

t.e aPParat.3 - ,,..e .i.^- 
embodiment, the ™ positively 
.^gatively. However, .t ecu 
to attract negative partxclea. 

. X. also be ac^vxea^ea that in =on.i3^--= 
J It w^Lll also be ^^5^^ operation 

,0 3uch as tha transporting 

aescribaa interns of act ^ ^^^^^^^^ 

. particle.; however the ^19 ^ 
,^Xied even when no particle" ^^^^^^^ 

"-TpUI^rra^r- they are present, 
transport particxes 

V. «r»«reciated that specific 
It will also be apprec i^ventioa may 

applications of the pxxncxples 
be applied in co^ination. 
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